Abstract. Biodiesel is viewed as the most promising alternative fuel to replace petroleum-based diesel since it is derived from renewable sources such as animal fats, vegetable oil and grease. Out of various vegetable oil resources for biodiesel production, Jatropha curcas oil (JCO) is a viable choice for biodiesel because it is non-edible and can be grown easily in a harsh environment. In this study, Nd 2 O 3 -La 2 O 3 catalyst was prepared for transesterification of JCO with methanol, in order to evaluate its potential as a heterogeneous catalyst for biodiesel production. Under suitable transesterification condition at 210 °C with catalyst amount of 3 wt.%, methanol/oil molar ratio of 45 and reaction time for 4 h, the conversion of JCO to fatty acid methyl ester (FAME) achieved was more than 93% over Nd 2 O 3 -La 2 O 3 catalyst.
Introduction
Life is a continuous process of energy conversion and transformation. A successful civilization mainly accomplished by efficient and extensive harnessing of various forms of energy. This growing energy consumption rapidly depletes non-renewable sources of energy, mainly fossil fuels. Recent concerns about shortage of fossil fuels have excited interest in the production of renewable fuels. Biodiesel is increasingly gaining international attention as one of the source of renewable energy. Biodiesel which have similar physicochemical and fuel properties as diesel fuels, is produced by transesterification of vegetable oils and animal fats with short chain alcohol in presence of catalyst. Biodiesel is advantageous as renewable source of energy because of its high biodegradability and renewable nature. It also contain less aromatic compounds and reduces tailpipe emission, noxious fumes and odors which are harmful and toxic to the environment [1] .
Conventionally, vegetable oils such as palm oil, canola oil, soybean oil and sunflower oil are use as feedstock for biodiesel, meaning indirectly converting food resource into fuels. This creates dilemma regarding the risk of diverting corps originally planted for food to fuel production. A rapid diversion in this direction will eventually harm food supply on global scale. Therefore, a lower cost and non-food-base feedstock such as Jatropha curcas oil is desirable [2] . Jatropha curcas tree or widely known as "jarak pagar" in Malaysia is a multipurpose bush/small tree belonging to the Euphorbiaceae family. The name Jatropha is derived from Latin word jatros (doctor) and trophe (food). Jatropha curcas can grow without irrigation in arid condition due to its low moisture demands, low fertility requirements and tolerance to high temperature [3, 4, 5] . Jatropha curcas oil have great potential to use as a feedstock for biodiesel production, owing mainly to its high oil content and the possibility of very high conversion to FAME (up to 97%) [6] .
A typical transesterification process uses homogeneous liquid catalysts such as NaOH, KOH, H 2 SO 4 , and H 3 PO 4 [7, 8, 9] . Homogeneous catalyst generates problems such as equipment corrosion, higher production cost as the process involved a number of washing and purification step and environmental problem from deposit of waste catalyst. The use of heterogeneous catalyst in alcoholysis of triglycerides could minimize homogeneous process problems and the cost of biodiesel could certainly be reduced. Furthermore, heterogeneous catalyst is reusable and amount of wastewater is considerably less making it more environmental friendly. Vyas et al. used KNO 3 /Al 2 O 3 for transesterification of JCO with methanol and obtained over 84% FAME at 70 °C, methanol/oil molar ratio 12:1, reaction time 6 h with catalyst amount of 6 wt.% [10] . Lu et al. reported optimum FAME yield obtained was 97% in 2 h using methanol/oil molar ratio of 20:1, 4 wt.% SO 4 2-/TiO 2 at 90 °C [11] . A few studies using La 2 O 3 as support or dopant had been done. Yan et al. used zinc loaded on lanthanum for transesterification of waste cooking oil. Almost 96% FAME obtained with reaction condition of 36:1 methanol/oil molar ratio, 3 wt.% catalyst, for 3 h at 200 °C [12] . Hui et al. studied transesterification of rapeseed oil using La 2 O 3 loaded on γ-Al 2 O 3 . The optimum yield obtained was 46% in 2 h, using methanol/oil molar ratio of 50:1, 10 wt.% catalyst at 200 °C [13] .
In the present work, a new class of heterogeneous catalyst using Nd 2 O 3 supported on La 2 O 3 is prepared for methanolysis of JCO for biodiesel production. The precursor was synthesized using impregnation method before calcined to obtained the corresponding metal oxide.
Materials and Methodology
Catalyst Preparation. The precursor prepared by impregnation method, where La 2 O 3 powder (Sigma-Aldrich) was impregnated by appropriate amounts of Nd(Ac) 2 solution (Sigma-Aldrich), followed by drying overnight at 100°C. The precursor was then calcined at 780 °C for 10 h.
Catalyst Characterization. The powder X-ray diffraction analysis was carried out using Shimadzu diffractometer model XRD6000. The diffractometer employed CuKα radiation to obtain diffraction patterns from powder crystalline samples at ambient temperature. The Cu-Kα radiation was generated by Philips glass diffraction X-ray tube broad focus 2.7 kW type. All samples were mounted on sample holders and the basal spacing was determined via powder technique using 2θ range of 20°-90° and scanning speed of 2.0000 (deg/min).
The total surface area of the catalysts was obtained by Brunauer-Emmett-Teller (BET) method using nitrogen adsorption at -196 °C. The analysis was conducted using Thermo Finnigan Sorptomatic 1900 series nitrogen adsorption/desorption analyzer.
Morphology study of the catalysts was carried out using a JEOL scanning electron microscopy model JSM-6400 while elemental chemical analysis done with the EDX technique.
The basicity of the catalysts was studied with temperature programmed desorption using CO 2 (TPD-CO 2 ) as probe molecule. The TPD-CO 2 experiment was performed using Thermo Finnigan TPDRO 1100 apparatus equipped with thermal conductivity detector.
Catalytic Activity. Crude JCO was purchased from Bionas Sdn. Bhd. Methanol with purity 99.5% was purchased from Sigma-Aldrich. Transesterification was carried out in a BERGHOF high pressure laboratory reactor. Mixed metal oxides catalyst (amount varied from 1 to 5 wt.%), 20 g JCO methanol (molar ratio varied from 15:1 to 50:1) was mixed and stirred at required temperature. After the reaction completes, catalyst was separated from the product using a centrifuge, and the reaction mixture heated (65 °C -70 °C) to remove excess methanol. Finally, the reaction mixture containing glycerol and FAME was separated in a separating funnel, and glycerol and FAME was collected. Experiments were carried out by varying the parameters such as methanol/oil molar ratio, temperature, reaction time and catalyst amount. Both catalysts are porous and exhibit mesoporous morphology (pore diameter 2nm -50nm) [16] . Surface area of the catalyst was in agreement with the XRD analysis which showed that larger crystallite size have lower surface area [17].
The TPD-CO 2 profile in Fig. 2 . shows the total basicity and basic site distribution in the catalyst. From the TPD pattern, a broad desorption peak was observed at temperature ranging from 600 °C to 740 °C with CO 2 desorption of 624.9µmol. This broad desorption band ranging from 400 -700 °C could be assigned to the interaction of CO 2 with medium basic strength in the catalyst [18] .
SEM and EDX was used to study the morphology of the catalyst. SEM image in Fig. 3 shows irregular structure on the surface of the catalyst. The large aggregate particle attribute to La 2 O 3 while the tiny particle on the surface of the aggregate attributes to Nd 2 O 3 impregnated on the catalyst. EDX indicates the elements present in the catalyst are O, La and Nd. This further confirms that the synthesized catalyst contains the element as found in XRD. Transesterification of JCO using La 2 O 3 was done with different parameters to obtain the optimal conditions (not shown). The optimum conditions using catalyst is with methanol/oil molar ratio of 40:1, 10 wt.% catalyst amount, at temperature 200 °C for 5 h yielding almost 60% FAME conversion.
Effect of methanol/oil molar ratio. Fig. 4 illustrates the effect of methanol/oil molar ration on the conversion of JCO to FAME at various methanol/oil molar ratio from 15:1 to 50:1. The FAME conversion gradually increased from 15:1 to 45:1 methanol/oil molar ratio with the highest conversion at 45:1 yielding almost 94% FAME. In transesterification reaction, one mol of triglyceride needs three mols of methanol, stoichiometrically, in order to produce FAME. Since triglyceride transesterification is a reversible reaction, excess methanol is needed to drive the reaction towards completion of ester formation. However, at higher methanol/oil molar ratio (beyond 45:1), the FAME conversion starts to decrease. Liu et al. stated that the polar hydroxyl group in methanol also acts as an emulsifier causing emulsification [19] . High methanol/oil molar ratio results in difficulty in separation of FAME and glycerol, decreasing the conversion.
Effect of reaction temperature. A series of reaction conducted to investigate the effect of reaction temperature in transesterification by manipulating the temperature from 150 °C to 220 °C. FAME conversion, as shown in Fig. 5 increases as the temperature rises. At higher temperatures, the reaction rate becomes faster making the reaction between triglyceride and methanol more active, resulting in the increase of conversion.
Effect of catalyst amount. The effect of catalyst amount on the FAME conversion from 1% to 5% wt.% (catalyst/oil) was investigated. From reaction profile displayed in Fig. 6 , FAME conversion increases as the catalyst amount increase from 1 to 3 wt.% reaching over 80% conversion. Addition of catalyst amount increases the number of basic sites that is active for transesterification [20] . However, further addition of catalyst decreases the FAME conversion due to the resistant in mixing between reactant, product and solid catalyst [21] .
Effect of reaction time. Fame conversion versus reaction time is shown in Fig. 7 . The reaction was slow for the first 2 h then increases significantly after 2 h. As the reaction time becomes longer, there is more contact time between JCO and methanol on basic sites of the catalyst, increasing the transesterification rate. Hence, FAME conversion also increases. From 4 h to 5 h, the conversion shows no significant change, making 4 h as the reaction time with highest conversion. 
